dipole is also discussed.
INTRODUCTION
A research and development program on high field superconducting magnets towards the Large Hadron Collidcr (LHC) to be built at CERN has bcen carried out, as a cooperative R&D effort betwccn CERN and KEK, since 1989 [11-[3] . In this program, a twin aperture dipole magnet with a feature of symmetric, separatc coil/colla; configuration has bccn dcvclopcd [4] - [5] . As the first step, r^ 50 mm @ single apcrture dipole (MSAKEK#l) was developed and the magnet performance was evaluaicd. The magnet reached 8.0 T at 4.3 K and rcachcd 9.9 T at 1.8 K after training. A 50 mm @ twin apcrture dipole (MTAKEK) was fabricated with idcntical coilkollar design and with
II. DEVELOPMENT OF THE MAGNET
The twin aperture dipole model magnet was designed and developed with the following technical approaches; Fully symmetric separate coil/collaring structure, Double shell coil configuration with no-wedges, Use of hybrid (YUS/AI) collar to optimize thermal contraction with less residual permeability. Vertical split iron yoke and stainless steel outer cylinder.
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HI. TEST RESULTS
The twin-aperture dipole was first tested at 4.2 K at ToshibaKEK and the magnet reached 8.2 T after 6 quenches.
The second test was carried out at 4.2 K and 1.9 K at CERN. At 1.9 K, The magnet reached 9.6 T after 22 quenches. Fig.  2 shows training behaviour of the magnet.
The origin of training quenches was observed by means of "pick-up coils" technique [7] - [9] . All quenches were initialized at the coil ends, mainly in the outer coil. Results of the quench localization anaysis are summarized in Table  11 . No quenches were observed at the straight section and this fact can be understood taking into account the stress measurements performed with the help of beam-transducers located at top end of the inncr and the outer coils. Table 111 . Excitation dependence of the sextupole components is shown in Fig. 4 . -Re-positioning of the coil-end block to eliminate axial separation force between coil-end blocks, Individual coil winding of the inner coil and the outer coil and assembling togethcr after curing,
"void" at the coil end to reduce the peak field. 
enables much stiffer mechanical structure in connection to the iron yoke contacting to thc collar outer edge at any time.
It makes the coil dcformation minimum at a level of 30 pm at the outer edge of the collar and 60 p m at the coil mean radius, respectively. On the other hand, rcduction of coil prestress is estimated to bc in a levcl of 12MPa aftcr cooldown of the magnet, although it might be acceptable because of a lower field of 8.65 T than that of 10T in the previous design. As a starting point, high-Mn stecl has been considered as the primary candidate to be used in the new dipole magnet development. Table V gives a summary of the comparisons between stainless steel and high-Mn steel in terms of effect of collar material on magnet operation; cool down and excitation.
Horizontallv SDlit Iron Yoke with High-Mn Steel Collar:
The horizontally split yoke configuration may be convenicnt for large scale assembly of the magnet. This option may be optimized by using high-Mn stcel collars, and it has the following advantages:
-Simple structure and easier assembly with lcss requirements on tolcrances,
-No inclined gap required between two half yokes, -No strong mating force required bctwecn horizontally split yoke.
R&D Plan for 56 mm 6 Twin Aperture Dinole: Dcvclopment of the 56 mm 4 twin aperture dipole will be carried out in two steps. Three singlc apcrture dipoles (MSA56KEK) will be developed to optimize the coil design with some feed back from the previous magnets. The dcvclopment of the 56 mm@ twin aperture dipole will be carried out with identical coil design. Since the coil/collar design may be identical, it may be possible to re-assembled two single aperture coils to one twin aperture dipole magnet .
IV. SUMMARY
Development of twin aperture dipole magnets for the Large Hadron Collider have been carried out as a cooperative accelerator R&D program between CERN and KEK. A 50 mm + twin aperture dipole having a feature of symmetric, separate coiVcollar configuration has been developed. The magnet reached 9.6 T at 1.8 K after training at the coil ends. A systematic effort to improve the coil end configuration is being carried out.
According to the new LHC machine design recently revised, a new magnet R&D program has been started to develop a 56 mm + twin aperture dipole model magnet. The magnet design is being carried out with symmetric, separate collar made of high-Mn steel in combination with horizontally split yoke.
